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SUBJECT: S-IVB Restar t  Requirements.  
Case 310 

ABSTRACT 

DATE: A p r i l  14, 1957 

FROM: R. L. Wagner 

T h i s  memorandum p r e s e n t s  m a t e r i a l  i n  s u p p c r t  o f  
deve lop ing  a requi rement  on the  minimum r e s t a r t  t i m e  f o r  t h e  
S a t u r n  V S-IKi3 s t a g e  as used for l u n a r  mis s ions .  The major 
m i s s i o n  c o n s i d e r a t i o n s  are as f o l l o w s :  

(1) To a c h i e v e  d a i l y  launch windows ( a  major r e a s o n  
for u s i n g  t h e  e a r t h  p a r k i n g  o r b i t  mode) i t  i s  
n o t  n e c e s s a r y  t o  r e s t r i c t  t h e  o r b i t  i n  which 
t r a n s l u n a r  i n j e c t i o n  occur s .  

F l e x i b i l i t y  i n  o r b i t a l  t l m e l i n e s  i s  improved i f '  
t r a n s l u n a r  i n j e c t i o n  can be caused  to occur  i n  
t h e  f i r s t ,  second o r  t h i r d  o r b i t  as  r e q u i r e d .  

Minimum r e s t a r t  times of 35 minutes  ana 8c minutes  

former s u p p o r t s  first o r b i t  P a c i f i c  i n  j e c t i o n s  andt 
t h e  l a t t e r  suppor t s  second c r b i t  A t l a n t i c  i n j e c t i o n s .  

( 2 )  

( 3 )  a re  II m i l e s t o n e s "  of p a r t i c u l a r  s i g n i f i c a n c e .  The  
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SUBJECT: S-I'VB R e s t a r t  Requirements. DATE: A p r i l  14 ,  1967 
Case 310 

FROM: 8.  L.  Wagner 

MEMORANDUM FOR FILE 

I n t r o d u c t i o n  

T h i s  menorandm p r e s e n t s  m a t e r i a l  i n  s u p p o r t  of 
deve lop ing  a requi rement  on t h e  minimum r e s t a r t  time for t h e  
S a t u r n  V S-IVB s t a g e .  

Background - 

The r e s t a r t  of the S-IVB i n  e a r t h  p a r k i n g  o r b i t  i s  
requi red .  so as t o  a l low miss ions  to t h e  moon on any day of t h e  
month OF y e a r  ( a s  f a r  a s  p ropu l s ion  i s  concerned) .  Otherwise 
d i r e c t  l aunches  must be u s e d  and t h e s e  a r e  u s e f u l  on ly  f o r  a 
few days each month when t h e  moon i s  near' i t s  extreme s o u t h e r n  
l o c a t i o n .  These d i r e c t  launch o p p o r t u n i t i e s  do n o t  g e n e r a l l y  
occur  i n  synchronism w i t h  p r e f e r r e d  l i g h t i n g  for LM l a n d i n g  on 
t h e  moon. 

The i n t e r c e n t e r  p a n e l s  became concerned w i t h  t h e  
minimum r e s t a r t  time ( t i m e  from t e r m i n a t i o n  of t h e  f i r s t  S-IKB 
burn  at e a r t h  o r b i t  l n s e r t i o n  u n t i l  the  i g n i t i o n  of t h e  S-IVB 
for t r a n s l u n a r  i n j e c t i o n )  s e v e r a l  y e a r s  ago,  The time was 
o r i g i n a l l y  quoted by MSFC r e p r e s e n t a t i v e s  a s  300 seconds which 
was unders tood  to be t h a t  per iod  d u r i n g  wh.i_ch an autornati.c 
sequencer  was c o n t r o l l i n g  e v e n t s  l e a d i n g  to i g n i t i o n .  It was 

r e s t a r t  t i m e  might be as long  as 15 minutes  and t h e n  l a t e r  t h i s  
was r a i s e d  to something l i k e  40 minutes .  It i s  now r e a l i z e d  by 
mis s ion  p l a n n e r s  t h a t  t h e  J 2  eng ine  s p e c i f i c a t i o n  has  con ta ined  
a minimum t ime requi rement  of 90 minutes  s i n c e  t h e  very  ee r ly  
days o f  t h e  Apollo program. 

some t i m e  l a t e r  t h a t  i t  was f i r s t  I f  rwnored" t h a t  t h e  minimum 

The Nature  o f  t h e  Restart  Requirements 

The b a s i c  requi rement  f o r  earlth o r b i t a l  c o a s t  i s  to 
p r o v i d e  p o t e n t i a l  laumch windows every  day ( o n l y  p r o p u l s i o n  b e i n g  
c o n s i d e r e d ) .  T h i s  requi rement  can be s a t i s f i e d  by i: cont inuous  
r e s t a r t  c a p a b i l i t y  d u r i n g  any s i n g l e ,  complete,  ea r th  p a r k i n g  
o r b i t  r e v o l u t i o n  ( abou t  g o m i n u t e s ) .  
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Hardware checkout ,  a s t r o n a u t  t i m e l i n e ,  and r e a l  t ime 
mis s ion  f l e x i b i l i t y  c o n s i d e r a t i o n s  e n t e r  i n  to i n f l u e n c e  which 
of t h e  th ree  p o s s i b l e  e a r t h  park ing  o r b i t s  t h e  r e s t a r t  (and  
t r a n s l u n a r  i n j e c t i o n )  s h a l l  occupy. These " t i m e l i n e "  cons id -  
e r a t i o n s  a r e  s u f f i c i e n t l y  u n c e r t a i n  so as t o  p rov ide  on ly  a 
g e n e r a l  gu ide  f o r  " f l e x i b i l i t y "  i n  r e s t a r t  t imes .  It i s  c l e a r  
t h a t  i t  would be d e s i r a b l e  t o  be  a b l e  t o  r e s t a r t  immediately 
a f t e r  i n s e r t i o n  i n t o  e a r t h  pa rk ing  o r b i t  and t o  have t h i s  
c a p a b i l i t y  con t inuous ly  to t h e  end o f  t h e  t h i r d  f u l l  o r b i t .  It 
i s  d i f f i c u l t  t o  f i n d  more t a n g i b l e  t i m e l i n e  r equ i r emen t s  to use  
i n  a t rad.eoff  w i t h  t h e  " c o s t "  of engine  m o d i f i c a t i o n s  t o  ach ieve  
v a r i o u s  minimum r e s t a r t  t imes.  

Ea r ly -  i n j e c t i o n s  a r e  g e n e r a l l y  d e s i r a b l e  f o r  r e a s o n s  
of minimizing f u e l  b o i l o f f  (payload  l o s s ) ,  gu idance  p l a t f o r m  
d r i f t  and S-IT6 l i f  etiriie r equ i r emen t s .  

There a r e  c e r t a i n  f e a t u r e s ,  based on orbit mechanics 
c o n s i d e r a t i o n s ,  which sugges t  d i s c r e t e  r e s t a r t  t ime m i l e s t o n e s .  
F i g u r e  1 h a s  been p repa red  t o  show the  s e n s i b l e  worst c a s e  c o a s t  
t i nes  i n  e a r t h  pa rk ing  o r b i t .  The c o a s t  t ime i s  d e f i n e d  a s  t h e  
t i m e  from e a r t h  pa rk ing  o r b i t  i n s e r t i o n  u n t i l  t r a n s l u n a r  
i n j e c t i o n  i g n i t i o n ,  aRd t h i s  e x a c t l y  e q u a l s  t h e  r e s t a r t  t ime i n  
which t h e  engiFe man i s  i n t e r e s t e d .  Coas t  times; a r e  shown i n  
F i g u r e  1 as a f u n c t i o n  of t h e  day of launch  for one l u n a r  month. 
This c y c l e  r e p e a t s  wi thout  s i g n i f i c a n t  change d u r i n g  t h e  p e r i o d  
1968 through 1970. I n  g e n e r a l  s i x  c o a s t  t imes  a r e  p o s s i b l e  each 
day: t h r e e  for t h e  A t l a n t i c  launch  window (co r re spond ing  t o  
i n j e c t i o n "  on each o f  t h ree  o r b i t a l  p a s s e s )  and t h r e e  f o r  t h e  
P a c i f i c  launch  window. 

The c o a s t  t l m e  v a r i e s  w i t h  launch a z i n u t h  a l s o  and i s  
s h o r t e s t  for t h e  high launch  azimuth v a l u e s .  The change i n  
c o a s t  t ime dur ing  t h e  launch  window i s  approximate ly  one s i x t e e n t h  
of the  launch  window d u r a t i o n .  F o r  a 4.6-hour window t h e  c o a s t  
t i m e  v a r i a t i o n  i s  about  17 minutes  which i s  t h e  approximate w i d t h  
of t h e  c o a s t  t i m e  "band" between t h e  72" and 108" launch  azimuth 
c u r v e s  on F i g u r e  1. 

_I * The i d e a l  launch  t l m e  i s  d i f f e r e n t  f o r  each one o f  t h e s e  
i n j e c t i o n  o p p o r t u n i t i e s  and t h e r e f o r e  t h e  p a r k i n g  o r b i t  
o r i e n t a t i o n  i n  i n e r t i a l  space i s  d i f f e r e n t  for each.  To 
a c h i e v e  i n j e c t i o n  p o s s i t i l i t i e s  from two s u c c e s s i v e  r e v o l u -  
t i o n s  i n  t h e  same park ing  o r b i t ,  a compromise o r b i t  p l a n e  
o r i e n t a t i o n  i s  s e l e c t e d  and a p l ane  change i s  made a t  
i n j e c t i o n .  
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S e v e r a l  o b s e r v a t i o n s  a re  i n  o r d e r  based on F i g u r e  1. 
To make a v a i l a b l e  a l l  second and t h i r d  o r b i t  r e s t a r t  p o s s i -  
b i l i t i e s  t h e  90-minute requirement  would have to be r e v i s e d  
downward s l i g h t l y  (to about  80 m i n u t e s ) ,  The n e x t  m-ilestone of 
t h i s  sort i s  t h e  P a c i f i c  i n j e c t i o n  o p p o r t u n i t y  on t h e  f i r s t  
o r b i t .  To ach ieve  t h i s  r e q u i r e s  a minimum r e s t a r t  ( c o a s t )  
t ime o f  about  35 minutes .  There i s  a n a t u r a l  p a r t i t i o n i n g  o f  
t h e  c o a s t  times for success ive  i n j e c t i o n  o p p o r t u n i t i e s .  Whereas 
a l l  f i r s t  o r b i t  P a c i f i c  i n j e c t i o n s  a r e  covered w i t h  about  35 
minutes  minimum c o a s t  t ime,  t h e  c o a s t  must be reduced  to about  
20 minutes  b e f o r e  any A t l a n t i c  launch  windows a r e  a v a i l a b l e .  
The v a l u e  of r educ ing  c o a s t  time to 20 minutes  and beyond I s  
l n c r e a s i n g l y  s u b j e c t i v e  and t h e  geometry i s  such t h a t  A t l a n t i c  
i n j e c t i o n s  could  only  b e  made a v a i l a b l e  on a r e g u l a r  b a s i s  by 
i n c l u d i n g  d i r e c t  i n j e c t i o n s  and very  s h o r t  c o a s t  t imes .  

Going beyond t h e  gene ra l  c o n s i d e r a t i o n s  o u t l i n e d  
above makes t h e  conc lus ions  m D r e  dependent on t h e  s p e c i f i c  
mis s ion  and/or launch d a t e .  A few o b s e r v a t i o n s  a r e  listed 
below : 

1. The LM l i g h t i n g  c o n s t r a i n t  a s  c u r r e n t l y  s e e n  
r e q u i r e s  t he  sun t o  be between 7" and 20° above 
t h e  e a s t e r n  hor izon  a t  LM l and ing .  T h i s  
c o n s t r a i n t  i s  met a t  a g iven  l u n a r  landj-ng s i t e  
once each 29.5 days,  If t h e  e a r t h  o r b i t  c o a s t  
times a r e  p l o t t e d  for t h e s e  c a s e s  a lone ,  cu rves  
l i k e  t h o s e  i n  Figure 1 aga in  r e s u l t  excep t  t h a t  
t h e  s c a l e  on t h e  a b s c i s s a  i s  one y e a r .  T h e  l e f t  
edge of t h e  a b s c i s s a  cor responds  to September 
( approx ima te ly )  and t h e  minimum c o a s t  t ime for 
t h e  P a c i f i c  wir,dow occur s  i n  t h e  e a r l y  p a r t  of 
t h e  y e a r ,  

Based on e a r l y  site s e l e c t i o n  d a t a ,  educa ted  
u e s s e s  can be  made of t h e  window of cho ice  
A t l a n t i c  or P a c i f i c )  f o r  each month of t h e  y e a r .  
It appea r s  t h a t  t h e  minimum c o a s t  t ime c a s e s  probably  
w i l l  be  encountered b o t h  f o r  A t l a n t i c  and P a c i f i c  
wfndows, 

2. The s i t u a t i o n  dep ic t ed  i n  F igu re  1 changes somewhat 
du r ing  an 18 .6-year  p e r i o d  and i s  shown f o r  t h e  end 
of t h i s  decade. Duririg 1978 t h e  c o a s t  t imes  f o r  
any one i n j e c t i o n  oppor tun i ty  ( e . g . ,  second orb- i t  
P a c f f i c )  show l e s s  sp read .  Whereas F i g u r e  1 shows 
f i r s t  o r b i t  P a c i f i c  c o a s t  t imes  r ang ing  from about  
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35 minutes to 80 minutes, the range would be 
about 40 minutes to 75 minutes in 1978. It 
fo l lows  that the partitioning of useful coast 
times f o r  successive injection types becomes 
more pronounced in the 1978 period. The 
minimum coast time requirements for similar 
cases are less severe in 1978. 

Conclusions: 

1. 

2 .  

3. 

4. 

5. 

6 .  

201 -RLW-rms 

Timelirie flexibility arguments support a continuous 
capability including very short minimum coast times 
(which would allow linking with direct injection 
opportunities in a smooth progression) and extending 
to the &,5-hour maximum time in orbit. 

Short coast times are desirable f o r  reasons of  fuel. 
boiloff, guidance platform drift and S-IVB lifetime. 

An 80-minute r e s t a r t  time supports any second orbit 
injection. 

A 35-minute restart time supports any first orbit 
Pacific injection, 

A 20-minute restart time is requlred to support .  the 
full launch window for the longest coast f i r s t  orbit 
Atlantic injection (the rirst available window as 
coast time is reduced). 
20 and 35 minutes a r e  of relatively little interest 
for the lunar landing application. 

Direct injections (zero coast time) are required 
to achieve a l l  first orbit Atlantic injection 
opportunities. 

Therefore, coast times between 
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FIGURE I - EARTH PARKING ORBIT COAST TIMES FOR "WORST CASE" 
FREE RETURN TRAJECTORIES ( 1968- 1970) 


